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(67)  Techniques for breast imaging patient motion
compensation are described. An imaging system may
include an imaging detector to capture an image of hu-
man tissue and a compression paddle situated apart from
the imaging detector to compress the human tissue be-
tween the compression paddle and the imaging detector.
A force sensor may generate a force signal indicating a
measure of force applied superior to the human tissue.
A movement detection circuit may filter a movement sig-
nal from the force signal indicating a measure of move-
ment of the compressed human tissue. A movement
analysis module may determine that the movement sig-
nalis beyond a movementthreshold. Animage correction
module to perform a corrective action based upon the
determination that the movement signal is beyond a
movement threshold. Other embodiments are described
and claimed.
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Description

RELATED APPLICATIONS

[0001] This application claims priority to: U.S. Provi-
sional Patent Application Serial. No. 62/546,167, entitled
"Techniques for Breast Imaging Patient Motion Artifact
Compensation" and filed on August 16, 2017. The con-
tents of the aforementioned applications are incorporat-
ed herein by reference.

FIELD OF THE DISCLOSURE

[0002] The disclosure generally relates to quality as-
surance of patient imaging, and more particularly to im-
proving detection of movement and correction of motion
artifacts, such as it relates to mammography or tomosyn-
thesis image acquisition.

BACKGROUND

[0003] Preventing movement of subject tissue, and in
particular breast tissue, is important when performing ra-
diation-based imaging of a patient for a variety of rea-
sons. First, some imaging procedures last for a non-trivial
period of time, and movement during a portion of the
procedure may negatively impact image quality. Specif-
ically, patient motion may cause anatomical distortions
or artifacts, which can be exaggerated during longer ex-
posure times. Second, it is desirable to minimize a pa-
tient’s total exposure to radiation during a procedure and,
thus, subsequentimaging to obtain proper image quality
isnotideal. Third, due toregulations in many jurisdictions,
subsequent imaging used solely to correct image quality
may be counted against a practitioner or organization,
and frequent re-imaging may result in revocation of a
license and/or accreditation. Fourth, poor quality images
due to excess movement may require a patient to make
subsequent visits to animaging center, placing additional
burden on the patient and the healthcare system itself,
including the imaging center and payer.

SUMMARY

[0004] The following presents a simplified summary in
order to provide a basic understanding of some novel
embodiments described herein. This summary is not an
extensive overview, and it is not intended to identify
key/critical elements or to delineate the scope thereof.
Its sole purpose is to present some concepts in a simpli-
fied form as a prelude to the more detailed description
that is presented later.

[0005] Techniques for detecting and/or otherwise no-
tifying a patient of detected motion and modifying the
imaging protocol during breast imaging are described.
As described above, preventing movementbreast tissue,
is important when performing radiation-based imaging of
a patient for a variety of reasons including improving im-
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age quality, improving patient experience, reducing ex-
posure and avoiding repeat imaging. For at least these
reasons, there is a need for improved techniques, which
may be automated or semi-automated, for detection of
movement during an imaging procedure, for corrective
actions during and after the procedure when movement
has been detected, and for minimizing the amount of ra-
diation exposure to patients in a workflow efficient man-
ner.

[0006] An imaging system as described herein may
include an imaging detector to capture an image of hu-
man tissue, such as breast tissue, and a compression
paddle situated apart from the imaging detector to com-
press the humantissue between the compression paddle
and the imaging detector. One or more sensors may be
included, in one embodiment a force sensor may gener-
ate a force signal indicating a measure of force applied
to the human tissue. A movement detection circuit may
filter a movement signal from the force signal indicating
a measure of movement of the compressed human tis-
sue. A movement analysis module may determine that
the movement signal is beyond a movement threshold.
An image correction module to perform a corrective ac-
tion based upon the determination that the movement
signal is beyond a movement threshold. Other embodi-
ments are described and claimed.

[0007] The force sensor described herein is typical to
most modern mammography systems where breast
compression force is incorporated. The force sensor
helps to prevent excessive compression of the patient’s
breast which can cause pain and other undesirable ef-
fects. The embodiments as described and claimed relate
to the output of the force sensor, representative of a force
level, which may be filtered or converted by one or more
circuits or modules described herein into a value that
indicates movement. This movement signal, when com-
pared to other measurements over time, may indicate
movement of the patient undergoing an imaging proce-
dure.

[0008] In addition or in the alternative, other sensors
may be used. For example, one or more ultrasound sen-
sors, optical and/or infrared sensors may be used. In
some examples, the sensors may be located either in a
grid on the compression paddle. In other examples, the
sensors may be located on the periphery of the paddle.
The sensors may capture spatial data information from
the compression of the breast. The special information
may be used to create motion maps and/or contact maps.
The motion map information can be used to create a cor-
rection map. The correction map information may be
used as input to the image correction algorithm which
corrects the tomosynthesys images. In the examples
where a contact map is created based on the spatial in-
formation, the contact map can be used to create com-
pression contours, which can be used as an input to the
compression adequacy analysis and recommend a cor-
rective action.

[0009] Some software based techniques for detecting
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motion during an imaging procedure have been previ-
ously described. For example, one method of detecting
patient motion includes detecting from a series of images
displacement of an edge line such as the skin line of the
breast, an implant edge, or some other internal edge.
This skin line detection process is disclosed in US Patent
9,498,180, titted SYSTEM AND METHOD FOR DE-
TECTING PATIENT MOTION DURING TOMOSYN-
THESIS SCANS, which is incorporated by reference
herein (hereafter the * 180 Patent).

[0010] However, unlike software based and image ar-
tifact based motion detection, detection of motion based
on hardware sensors gives an objective measure of pa-
tient motion to add to the assessment of motion. The
independent, hardware based, detection using the infor-
mation from one or more sensors allows for greater ac-
curacy. In addition, because the mammography system
already includes the force sensor, this method of patient
motion is more cost effective than the alternative image
based detection when force sensor detection is used. In
addition, different types of motion may be detected and
different compensation actions may be taken. For exam-
ple, if motion with regular movement interval is detected,
such as breathing or heartbeat, image capture may be
synchronized with the motion. In a different example, if
irregular movementis detected, such as patient adjusting
position, the image capture may be delayed. Such nu-
anced and continued detection may not be possible if the
detection is based on image processing alone.

[0011] To the accomplishment of the foregoing and re-
lated ends, certain illustrative aspects are described
herein in connection with the following description and
the annexed drawings. These aspects are indicative of
the various ways in which the principles disclosed herein
can be practiced and all aspects and equivalents thereof
are intended to be within the scope of the claimed subject
matter. Other advantages and novel features willbecome
apparent from the following detailed description when
considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 illustrates an embodiment of an imaging sys-
tem.

FIG. 2 illustrates an embodiment of an imaging sys-
tem.

FIG. 3 illustrates an embodiment of an imaging sys-
tem.

FIG. 4 illustrates a logic flow according to an embod-
iment.

FIG. 5illustrates a logic flow according to an embod-
iment.

FIG. 6 illustrates a logic flow according to an embod-
iment.

FIG. 7 illustrates a generated image according to an
embodiment.
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FIG. 8A illustrates a generated image according to
an embodiment.

FIG. 8B illustrates a system of facilities according to
an embodiment.

FIG. 8C illustrates a logic flow according to an em-
bodiment.

FIG. 9illustrates an article of manufacture according
to an embodiment.

FIG. 10 illustrates an embodiment of a centralized
system.

FIG. 11 illustrates an embodiment of a distributed
system.

FIG. 12 illustrates an embodiment of a computing
architecture.

FIG. 13 illustrates an embodiment of a communica-
tions architecture.

FIG. 14 illustrates an embodiment of an imaging sys-
tem.

DETAILED DESCRIPTION

[0013] Techniques for breast imaging patient motion
compensation are described. An imaging system may
include an imaging detector to capture an image of hu-
man tissue, such as breast tissue or other soft tissue,
and a compression paddle situated apart from the imag-
ing detector to compress the human tissue between the
compression paddle and the imaging detector. In one
embodiment, a force sensor may generate a force signal
indicating a measure offorce applied to the human tissue.
A movement detection circuit may filter a movement sig-
nal from the force signal indicating a measure of move-
ment of the compressed human tissue. A movement
analysis module may determine that the movement sig-
nalis beyond amovement threshold. Animage correction
module to perform a corrective action based upon the
determination that the movement signal is beyond a
movement threshold. In another embodiment, other
types of sensors may be used which may be disposed
in a grid or around the periphery of the compression pad-
dle.

[0014] As used herein, corrective actions may include
actions to correct an image, generate an image while
minimizing motion artifacts, generate an audio or visual
indication that motion has been detected, and/or other
actions described below in response to detection of mo-
tion during a procedure. By way of example and not lim-
itation, corrective actions may include the determination
and display of a movement score on a display device,
display of an alert on a display device indicating that a
movement threshold has been exceeded, triggering a
visual indicator of the imaging system, terminating or
modifying an imaging sequence or imaging protocol or
image acquisition, delaying capture of the image of hu-
man tissue until the movement threshold is no longer
exceeded, and/or synchronizing an image capture with
repetitive movement. A movement score for all images
taken by a particular technologist may be combined to
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create a positioning score for the technologist. The move-
ment scores may be compared to other technologists in
a facility or in other facilities. The technologist score may
be compared to a threshold to determine compliance. A
facility score may be compared to other facilities and
compared to a threshold score to determine compliance.
A report may be generated showing positioning scores
for the technologist, the facility and compliance overtime.
A retrospective and prospective approach will allow the
facility to identify the root-cause for why the positioning,
noise, artifacts, compression etc. at the physician level
could occur. A particular technician can be identified with
this approach to understand his/her behavior to improve
their ability to take their image. Other embodiments are
described and claimed.

[0015] With generalreference to notations and nomen-
clature used herein, the detailed descriptions which fol-
low may be presented in terms of program procedures
executed on a computer or network of computers. These
procedural descriptions and representations are used by
those skilled in the art to most effectively convey the sub-
stance of their work to others skilled in the art.

[0016] A procedure is here, and generally, conceived
to be a self-consistent sequence of operations leading
to a desired result. These operations are those requiring
physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of
electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise
manipulated. It proves convenient at times, principally
for reasons of common usage, to refer to these signals
as bits, values, elements, symbols, characters, terms,
numbers, or the like. It should be noted, however, that
all of these and similar terms are to be associated with
the appropriate physical quantities and are merely con-
venient labels applied to those quantities.

[0017] Further, the manipulations performed are often
referred to in terms, such as adding or comparing, which
are commonly associated with mental operations per-
formed by a human operator. No such capability of a
human operatoris necessary, or desirable in most cases,
in any of the operations described herein which form part
of one or more embodiments. Rather, the operations are
machine operations. Useful machines for performing op-
erations of various embodiments include general pur-
pose digital computers or similar devices.

[0018] Various embodiments also relate to apparatus
or systems for performing these operations. This appa-
ratus may be specially constructed for the required pur-
pose or it may comprise a general purpose computer as
selectively activated or reconfigured by a computer pro-
gram stored in the computer. The procedures presented
herein are not inherently related to a particular computer
or other apparatus. Various general purpose machines
may be used with programs written in accordance with
the teachings herein, or it may prove convenient to con-
struct more specialized apparatus to perform the required
method steps. The required structure for a variety of
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these machines will appear from the description given.
[0019] FIG. 1 illustrates a block diagram for an imaging
system 100. In one embodiment, the imaging system 100
may comprise one or more components. Although the
imaging system 100 showninFIG. 1 has alimited number
of elements in a certain topology, it may be appreciated
that the imaging system 100 may include more or less
elements in alternate topologies as desired for a given
implementation. The imaging system 100 may include a
plurality of modules, including imaging module 102,
movement analysis module 114, and image correction
module 116, which may each include one or more
processing units, storage units, network interfaces, or
other hardware and software elements described in more
detail herein. In some embodiments, these modules may
be included within a single imaging device, utilizing
shared CPU 120. In other embodiments, one or more
modules may be part of a distributed architecture, an
example of which is described with respect to FIG. 11.
[0020] Inanembodiment, each module ofimaging sys-
tem 100 may comprise without limitation an imaging sys-
tem, mobile computing device, a smart phone, or a desk-
top computer, or other devices described herein. In var-
ious embodiments, imaging system 100 may comprise
or implement multiple components or modules. As used
herein the terms "component” and "module" are intended
to refer to computer-related entities, comprising either
hardware, a combination of hardware and software, soft-
ware, or software in execution. For example, a compo-
nent and/or module can be implemented as a process
running on a processor, such as CPU 120, a hard disk
drive, multiple storage drives (of optical and/or magnetic
storage medium), an object, an executable, a thread of
execution, a program, and/or a computer. By way of il-
lustration, both an application running on a server and
the server can be a component and/or module. One or
more components and/or modules can reside within a
process and/or thread of execution, and a component
and/or module can be localized on one computer and/or
distributed between two or more computers as desired
for a given implementation. The embodiments are not
limited in this context.

[0021] The various devices within system 100, and
components and/or modules within a device of system
100, may be communicatively coupled via various types
of communications media as indicated by various lines
or arrows. In various embodiments, the various modules
and storages of system 100 may be organized as a dis-
tributed system. A distributed system typically comprises
multiple autonomous computers that communicate
through a computer network. It is worthy to note that al-
though some embodiments may utilize a distributed sys-
tem when describing various enhanced techniques for
data retrieval, it may be appreciated that the enhanced
techniques for data retrieval may be implemented by a
single computing device as well. The embodiments are
not limited in this context.

[0022] In an embodiment, imaging module 102 may
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include an imaging source 106 and a detector 108, which
may be used to perform breast imaging (2D, tomosyn-
thesis, computed tomography, ultrasound or any combi-
nation thereof), and may be an x-ray source and detector
in some examples. In other examples, imaging source
106 and detector 108 may be other types of imaging
sources and sensors, respectively. Forexample, in some
embodiments imaging module 102 may be configured to
perform breast imaging, such as x-ray mammography,
tomosynthesis, computed tomography, and/or ultra-
sound. Tomosynthesis is a method for performing high-
resolution limited-angle tomography at radiographic
dose levels. While mammography is used as an exem-
plary embodiment through the description, it can be ap-
preciated that the techniques described herein may be
applicable to other procedures in which imaging of hu-
man tissue susceptible to movement may occur.

[0023] Imaging source 106 may be configured to ex-
pose human tissue, such as breast tissue, to x-rays,
which may be detected by detector 108. Detector 108
may be configured to respond to the influence of incident
x-rays over a wide range. Detector 108 may be config-
ured to absorb x-rays, produce an electronic signal, dig-
itize the signal, and store the results in one of storage
104 and/or database 122. The output image may be
saved as a two-dimensional matrix, where each element
represents the x-ray transmission corresponding to a
path through the breast tissue. Three-dimensional imag-
es and matrices may be generated in some embodi-
ments, depending on the imaging modality, such as to-
mosynthesis, computed tomography, and the like. The
image may be digitally processed such that when it is
displayed on a display device or printed on laser film, it
willillustrate the key features required for diagnosis. Such
diagnostic images may be stored in storage 104 so that
they may be viewed on a user interface of display 124.

[0024] In an embodiment, images may also be ar-
chived in image database 122. In this manner, patient
records may be maintained and pastimages may be used
to evaluate detected movement when compared to new
images. In an exemplary embodiment, an image correc-
tion module, described herein, may refer to archived im-
ages containing common elements (e.g., still calcification
for the same tissue of the same patient) and compare to
a current image (which may include blurry calcifications
for the same tissue of the same patient). Such as anal-
ysis, combined with the techniques described herein,
may be used to detect and/or correct motion artifacts
within an image.

[0025] Imaging system 100 may include a force sensor
110, which may be contained within a compression pad-
dle ofimaging system 100 (notshownin FIG. 1, illustrated
in FIGS. 2 and 3). Force sensor 110 may include a strain
gauge, piezoelectric sensor, load cell, or other sensor
capable of measuring the force applied to human tissue
compressed between a compression paddle and an op-
posite detector plane. In some embodiments, force sen-
sor 110 may include an analog filter, gain circuits for sig-
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nal conditioning, and/or an analog-to-digital converter for
signal capture. The output of force sensor 110 may be
an electrical signal representative of a force level. The
force level may represent a measurement of force ap-
plied superior to the breast via the compression paddle
and/or via the imaging detector "top" surface. The elec-
trical signal representative of a force level may be filtered
or converted by one or more circuits or modules de-
scribed herein into a value that indicates movement. This
movement signal, when compared to other measure-
ments over time, may indicate movement of the patient
undergoing an imaging procedure.

[0026] Imaging system 100 may include a movement
detection circuit 112, configured to receive an electronic
force signal from force sensor 110 and filter a movement
signal from the received force signal. In some embodi-
ments, the received force signal may include a low fre-
quency compression force signal (e.g., 0 (DC) to < 5Hz),
which may be tapped and processed in parallel using
movement detection circuit 112. Movement detection cir-
cuit 112 may include one or more components to process
and filter the force signal, including a DC signal block,
such as a blocking capacitor to remove the DC and low
frequency components of the force signal, leaving a high-
er frequency (AC) component, referred to herein as a
movement signal. One or more analog circuits may filter
and apply gain to the higher frequency (AC) signal com-
ponents to improve signal-to-noise ratio, if needed. The
resulting movement signal may include motion artifacts
from the original force signal. As described later, one or
more modules, such as movement analysis module 114
may include a digital processing unit and corresponding
software to analyze the output from movement detection
circuit 112.

[0027] In an embodiment, a movement analysis mod-
ule 114 may include one or more analog circuits, such
as a tuned differentiator, to detect movement of human
tissue compressed within imaging system 100 using a
received movement signal from movement detection cir-
cuit 112. In some embodiments, movement analysis
module 114 may include hardware and/or software mod-
ules configured to accept the movement signal from
movement detection circuit 112, and detect tissue move-
ment caused by the patient. An exemplary logic flow il-
lustrating movement detection by movement analysis
module 114 is set forth within FIG. 4. By way of example
and not limitation, movement may be caused by respira-
tory activity, cardiac activity, or muscular movements
(voluntary or involuntary) by the patient. Movement anal-
ysis module 114 may be configured with a movement
threshold value, beyond which, movement of the patient
is detected and communicated to an image correction
module 116.

[0028] Image correction module 116 may be config-
ured to receive a determination from movement analysis
module 114 that movement has been detected. The de-
termination may include data indicating a movementtime
and movement level in some embodiments, and the de-
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termination may be used to determine a corrective action
to be taken. Techniques described herein strive to im-
prove image quality, even in situations where movement
is detected, reduce patient radiation exposure when pos-
sible, and reduce the time required for patients to undergo
imaging procedures. Exemplary corrective actions are
described herein with respect to FIGS. 5, 7, and 8 how-
ever, other corrective action may be taken consistent with
these goals, in some embodiments.

[0029] A database of movement criteria 118 may be
used by image correction module 116 to determine the
proper corrective action based upon various determina-
tions by movement analysis module 114. For example,
criteria within movement criteria database 118 may in-
clude movement thresholds, time thresholds for delay,
image quality criteria, thresholds indicating the maximum
number of images that can be deleted from an image
sequence due to detected movement, and other criteria
necessary to determine and take corrective actions. In
an example, image correction module 116 may include
hardware and/or software configured consistent with the
techniques described herein to take one or more correc-
tive actions when movement exceeding a threshold has
been detected. As described further with respect to FIG.
5, certain movement determinations may be handled in
different ways. In an embodiment, image improvements
may be made by deleting images associated with move-
ment above a threshold. In an embodiment, an image
capture procedure may be delayed until detected move-
ment has fallen below a threshold. In an embodiment, an
image capture procedure may be extended so that a
proper exposure can be taken while also excluding im-
ages from an imaging sequence impacted by movement.
In an embodiment, an image capture procedure may be
canceled, reducing patient radiation exposure.

[0030] In some embodiments, artifact-based image
detection of patient motion as described in the * 180 Pat-
ent may be combined with the information from the force
sensor 110 and the movement detection circuit 112 in
the movement analysis module 114. In one example, the
movement analysis module 114 may correlate the infor-
mation received from the motion detection circuit with the
artifact based image detection.

[0031] In an embodiment, display device 121 may in-
clude a user interface configured to receive and display
an image along with information with respect to detected
movement and any corrective actions taken in response.
In an embodiment, display 124 may be configured to dis-
play an alert or movement score (FIGS. 7 and 8) indicat-
ing to a practitioner that movement was detected and/or
a level of detected movement. Optionally, imaging sys-
tem 100 may include an indicator 126, which may include
an LED, that may be triggered when movement exceed-
ing a threshold has been detected during a procedure.
In addition to a notification via the userinterface of display
124 or optional indicator 126, other techniques for noti-
fication of detected movement may be used. Non-limiting
examples include audio notification, haptic notification,
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other visual indication using lights, and/or one or more
prompts within the user interface.

[0032] FIG. 2 illustrates an imaging system 200 ac-
cording to an embodiment. Imaging system 200 illus-
trates exemplary components most relevant to the tech-
niques described herein and may include other compo-
nents not depicted within FIG. 2. Upper portion 202 in-
cluding imaging source 204, which may be an x-ray
source in some embodiments and may be consistent with
imaging source 106, described above with respect to
FIG. 1.

[0033] Compression paddle 206 may be mounted to
an arm, itself connected to a frame connected to a body
ofthe imaging system 200. Compression paddle 206 may
be lowered onto human tissue during an imaging proce-
dure. Certain imaging procedures, such as mammogra-
phy, may require compression of human tissue between
compression paddle 206 and another surface, such as
the surface of detector 214, which may be consistent with
detector 108, described above with respect to FIG. 1.
[0034] Force sensor module 208 may be contained
within compression paddle 206, and may detect force
212 imparted on breast 210, which is placed between
compression paddle 206 and imaging detector 214. The
detected force may represent a measurement of force
applied superior to the breast via the compression paddle
206 and/or via the imaging detector 214 "top" surface.
Additionally or separately, a force sensor module may
be incorporated into the imaging detector 214 compo-
nent. In this configuration, the force sensor module in-
corporated into the imaging detector 214 may operate in
the same manner as the force sensor module 208 and
may measure the DC and AC compression signals ap-
plied by the compression paddle 206 upon the human
tissue (breast 210) that is placed between the compres-
sion paddle 206 and upon the surface of the imaging
detector 214. As set forth above, force sensor 208, or
the optional force sensor incorporated into the imaging
detector 214, may include a strain gauge, piezoelectric
sensor, load cell, or other sensor capable of measuring
the force applied to human tissue compressed between
a compression paddle and an opposite detector plane.
In some embodiments, force sensor 208, or the optional
force sensor incorporated into the imaging detector 214,
may include an analog filter, gain circuits for signal con-
ditioning, and/or an analog-to-digital converter for signal
capture. The output of force sensor 208, or the optional
force sensor incorporated into the imaging detector 214,
may be an electrical signal representative of a force level,
which may be filtered or converted by one or more circuits
or modules described herein into a value that indicates
movement. This movement signal, when compared to
other measurements over time, may indicate movement
of the patient undergoing an imaging procedure.

[0035] In an embodiment, the described force sensor
modules may include one or more circuitry components
comprising a movement detection circuit, such as move-
ment detection circuit 112. In an embodiment, movement
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detection circuit 216 may be implemented separate from
force sensor 208, and may receive a signal therefrom.
As described with respectto FIG. 1, movement detection
circuit 216 may receive a force signal from force sensor
208 and filter a high-frequency AC component from the
received force signal into a movement signal indicating
movement of the human tissue compressed between
compression paddle 206 and a surface of detector 214.
[0036] Movement analysis module 218, which may be
implemented in hardware and/or software, may be con-
figured to determine whether a received movement sig-
nal has exceeded a movement threshold. In some em-
bodiments, the movement analysis module 218 may be
presentseparate from force sensor 208, and may be with-
in, the optional force sensorincorporated into theimaging
detector 214, compression paddle 206 or within another
portion of imaging system 200, as illustrated. If a move-
ment threshold has been exceeded, movement analysis
module may communicate that determination to image
correction module 220, which may be configured to take
corrective action, as described herein with respect to
FIGS. 5, 7, and 8.

[0037] FIG. 3 illustrates an imaging system 200 ac-
cording to an embodiment. Elements within FIG. 3 may
be similar to like-numbered elements from FIG. 2. The
key difference between FIG.2and FIG. 3is theillustration
of movement of breast 310. As illustrated, breast 310
may be moved while between compression paddle 306
and a surface of detector 314. This movement may affect
a force measurement 312 made by force sensor 308.
While a generally up and down movement is illustrated
within FIG. 3, it can be appreciated that a variety of move-
ments may be made by breast 310. Movement may be
due to a variety of factors, such as relating to cardiac or
respiratory movements, sneezing, or voluntarily or invol-
untarily moving one or more portions of the body that
affect the movement of breast 310. As described below,
movement of breast 310 may be of any number of types,
and may be temporally evaluated by one or more mod-
ules of imaging system 300. Evaluation of movement
type and movement timing using techniques described
herein may provide increased image quality and patient
experience while reducing patient exposure to radiation.
[0038] FIG. 14 illustrates another embodiment of an
imaging system 1400 where one or more sensors, in
combination or alternatively to the force sensor 208, are
used. Elements within FIG. 14 may be similar to like-
numbered elements from FIG. 1, FIG. 2, and/or FIG. 3.
Imaging system 1400 illustrates exemplary components
most relevant to the techniques described herein and
may include other components not depicted within FIG.
14. The imaging system 1400 includes a compression
paddle 1406, and a detector 1414 disposed a distance
away from and parallel to the compression paddle. A
breast 1410 is compressed between the compression
paddle and the detector 1414. One or more sensors 1408
disposed on or within the compression paddle 1406 and
the detector 1414.
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[0039] The one or more sensors 1408 may comprise
a sensor module which may detect motion of the breast
1410. In one example, the sensors 1408 may include one
or more photo sensors, infra-red sensors and/or ultra-
sound or ultrasonic sensors. The motion detected by the
sensors may be based on reflected sonic signals, or re-
flected light signals. In some embodiments, the sensors
1408 may be placed in a grid pattern on or within the
compression paddle 1406 and the detector 1414. In other
examples, the sensors 1408 may be disposed around
the periphery of the compression paddle 1406 and the
detector 1414.

[0040] By disposing multiple sensors in a pattern, a
more detailed understanding of motion of the breast may
be obtained. As such, it is appreciated that movement of
the breast may not be uniform. For example, some areas
of the breast may move more than others. Use of multiple
sensors would allow the imaging system 1400 to create
a motion map which would visually show the location of
movement throughout the surface of the breast. By hav-
ing a more complete understanding of the location of mo-
tion of the breast, the imaging system can determine
whether such motion would have a negative effect on the
image obtained. In addition, having additional sensors
would allow the imaging system to obtain other informa-
tion such as the amount of contact with the breast, as
further discussed below, to determine breast positioning
information.

[0041] The sensors that may be incorporated into the
imaging detector 1414 may include an analog filter, gain
circuits for signal conditioning, and/or an analog-to-digital
converter for signal capture. The output of sensors 1408
may be electrical signals representative of motion of the
breast 1410, which may be filtered or converted by one
or more circuits or modules described herein into a plu-
rality of spatial information or data 1416. The spatial in-
formation can be combined to create a motion map
1418a. The motion map takes spatial information from
each of the sensors 1408 to create a relative represen-
tation of motion. The motion map 1408a may describe
some areas of the breast 1410 that include more motion
than others. The motion map 1408a is a visual represen-
tation of the spatial information having some colors (e.g.
red) represent higher amount of motion and other colors
represent moderate (e.g. yellow) or low (e.g. green)
amount of motion. The relative representation of motion
may be determined based on spatial information com-
parison to a threshold or a look up table representing
various levels of motion.

[0042] In addition, the motion map 1408a may be cre-
ated for each of the tomosynthesis projections or slices
created. For example, FIG. 14 shows two tomosynthesis
projections. One projection having larger degree of mo-
tion and another projection showing smaller degree of
motion. Itis appreciated that any number of motion maps
may be created based on the number of projections.
[0043] The spatial information 1416 may also be used
to create a contact map 1418b. It is appreciated by in-
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ventors that the entirety of the breast 1410 is not in con-
tact with the compression paddle 1406 and the detector
1414. There may be a line, called the "uncompressed
tissue line" or the "paddle contactline"in animage, which
defines a contour of contact points of breast with pad-
dle/detector. The location of line of compression with re-
spect to breast profile can also be used to give a metric
of the adequacy of the compression. For example, the
larger the area of uncompressed tissue, the less ade-
quate the compression. It is further appreciated by the
inventors that less than adequate level of compression
results in poor image quality. The contact map 1418b
shows the level of contact with the breast 1410. The con-
tact map 1418b can be used to determine or define a roll
off region, which is the region where the breastis uncom-
pressed. The location of the paddle contact line and the
size of theroll off region could also can be usefulin special
image processing techniques in uncompressed vs com-
pressed breast areas. The location of line of compression
with respect to breast profile can also be used to give an
idea of how adequate the compression is, which can be
used in determining the adequacy of positioning of the
breast.

[0044] The information from the motion map can be
input into an image correction module 1420a. The image
correction module 1420a is similar to the image correc-
tion modules 116 and 220 described above with respect
to FIG. 1, 2, and 3, and may perform the functions and
correction as further described with reference to FIG. 4
and 5.

[0045] Similarly, the information from the contact map
1418b may be input in a compression adequacy analysis
module 1420b. The image correction module 1420b may
be similar to the image correction modules 116 and 220,
with the deference of that a threshold of compression is
used, rather than a motion threshold is used, to compare
the current compression contours to the threshold of
compression contours. The image correction module
1420b may perform the functions and corrections as fur-
ther described with reference to FIG. 4 and 5. For exam-
ple, if currently compression contours are below a thresh-
old of compression contours, image capture may be de-
lays until contours are above the threshold, orimage cap-
ture may be cancelled if the delay exceeds a threshold.
In at least one example, one or more alerts or alarms as
discussed above may be generated to notify the technol-
ogistthat compression is inadequate and the patient may
need to be repositioned.

[0046] Included hereinis a set of flow charts represent-
ative of exemplary methodologies for performing novel
aspects of the disclosed architecture. While, for purposes
of simplicity of explanation, the one or more methodolo-
gies shown herein, for example, in the form of a flow chart
or flow diagram, are shown and described as a series of
acts, itisto be understood and appreciated thatthe meth-
odologies are not limited by the order of acts, as some
acts may, in accordance therewith, occur in a different
order and/or concurrently with other acts from that shown
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and described herein. For example, those skilled in the
art will understand and appreciate that a methodology
could alternatively be represented as a series of interre-
lated states or events, such as in a state diagram. More-
over, not all acts illustrated in a methodology may be
required for a novel implementation.

[0047] FIG. 4 illustrates a logic flow 400 according to
an embodiment. The logic flow 400 may be representa-
tive of some or all of the operations executed by one or
more embodiments described herein, such as imaging
system 100, for example. Specifically, logic flow 400 may
illustrate operations performed by a movement analysis
module, such as movement analysis module 114.
[0048] At 402, a movement analysis module may re-
ceive a movement signal from a force sensor and/or
movement detection circuit. The movement signal may
include motion artifacts indicating that human tissue, cur-
rently under compression during an imaging procedure,
has moved. Using hardware and/or software compo-
nents, the received movement signal may be evaluated
to isolate data indicating movement and a value may be
assigned indicating a movement level. In an embodi-
ment, abaseline movement signal may be first evaluated,
indicating a baseline movement value, or a baseline
movement value may be stored within an imaging sys-
tem. Subsequent movement signals may be received
and compared to the baseline movement value to identify
motion artifacts within the subsequent movement sig-
nals.

[0049] At 404, the movement analysis module may
compare subsequently received movement signals, and
any motion artifacts identified therein, to a movement
threshold, which may be predetermined and stored within
a non-transitory computer-readable storage medium. In
some embodiments, thresholds may be dynamically de-
termined by animaging system during the image capture
process based, atleastin part, on a detected image qual-
ity assessment taken in near real-time. In other embod-
iments, a movement threshold may be pre-determined
and stored within an imaging system.

[0050] At406,the movement analysis module may de-
termine whether the received movement signal has ex-
ceeded the movement threshold and, at 408, the move-
ment analysis module may communicate the determina-
tion to an image correction module, which is discussed
in more detail below. The determination, in some embod-
iments, may include an indication that movement has
been detected, a movement value, a timestamp, a frame
identifier, or other information that may be necessary for
an image correction module to take appropriate correc-
tive measures based upon the detected movement.
[0051] FIG. 5 illustrates a logic flow 500 according to
an embodiment. The logic flow 500 may be representa-
tive of some or all of the operations executed by one or
more embodiments described herein, such as imaging
system 100, for example. Specifically, logic flow 500 may
illustrate operations performed by an image correction
module, such as image correction module 116.
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[0052] At 502, an image correction module may re-
ceive a determination that movement has been detected.
In some embodiments, any movement may be commu-
nicated to the image correction module. In other embod-
iments, only movement that exceeds a threshold, as de-
scribed herein, may be communicated to the image cor-
rection module. The determination, in some embodi-
ments, may include an indication that movement has
been detected, a movement value, a timestamp, a frame
identifier, or other information that may be necessary for
an image correction module to take appropriate correc-
tive measures based upon the detected movement.
[0053] At 504, the image correction module may de-
termine a type of movement based upon one or more
received movement determinations. For example, a
movement may be categorized as a regular movement
when it is repetitive and generally within a regular time
interval. This type of movement may indicate a patient is
breathing, or moving in a regular fashion. In another ex-
ample, movement may be categorized as irregular. A sin-
gleirregular movement may indicate a patient has shifted
positions, or sneezed, for example. In yet another exam-
ple, movement may be categorized as continuously ir-
regular. A determination of movement type may be
based, in part, on a movement value and/or timestamp,
for example. In at least one example, a determination of
the movement may be that the movement is localized to
one or more tomosynthesis slices.

[0054] At506, when a regular movement that is repet-
itive and generally within a regular time interval is detect-
ed, theimage correction module may configure the image
capture to be synchronized with the regular movement.
In this manner, image capture may be performed during
a time period in which movement is not detected, and
skipped during a time period in which movement is de-
tected. The synchronized image sequence may be gen-
erated at 512, and may include only images in which
movement has not been detected, or detected movement
is below a threshold amount.

[0055] At 508, when irregular movement is detected,
the image correction module may delay image capture
for a period of time, allowing the movement to stop so an
image is not negatively impacted. As described herein,
some embodiments may flag image captured images tak-
en during a movement, and those images may be re-
moved from an imaging sequence used to generate an
image.

[0056] At510, ifatermination of movementis localized
to one or more tomosynthesis slices. The slices may be
removed or cancelled from the tomosynthesis stack that
are associated with movement above a threshold.
[0057] At 514, if irregular movements continue during
the delay period, the delay may be extended until move-
ment stops. However, since in some cases the patient
may be exposed to x-ray radiation during the delay, a
time period threshold may be set for which the image
capture may be canceled if the delay lasts beyond the
threshold. Thus, an image may be generated at 512 if
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the delay is within the time threshold, and the image cap-
ture may be canceled at 516 if the delay period extends
beyond the time threshold. In this manner, an imaging
system may be able to compensate for some movement,
and generate higher quality images by delaying capture
until movement is no longer detected, while at the same
time canceling an image and limiting patient radiation
exposure when a satisfactory image cannot be obtained
due to excessive irregular movement.

[0058] Duringimage generationat512, certainembod-
iments may correlate images with detected movement
and flag images in which movement was detected. In this
manner, images flagged with movement may be re-
moved from a resulting imaging sequence, thus, improv-
ing overall image quality despite detecting motion within
the imaging procedure. In some cases, many images
may be flagged as occurring during movement and the
entire imaging sequence may need to be canceled.
Based upon a particular procedure, for example, a
threshold may be set such that an image correction mod-
ule may determine whether the process of deleting im-
ages may result in a usable image sequence, or if the
imaging sequence needs to be canceled due to exces-
sive movement during the imaging procedure.

[0059] FIG. 6 illustrates a logic flow 600 according to
an embodiment. The logic flow 600 may be representa-
tive of some or all of the operations executed by one or
more embodiments described herein, such as imaging
systems 100, 200, and/or 300, for example. At 602, a
force sensor may generate a force signal indicating a
measure of force applied to human tissue being com-
pressed between a compression paddle and an imaging
detector to capture an image of the human tissue. As set
forth above, a force sensor may include a strain gauge,
piezoelectric sensor, load cell, or other sensor capable
of measuring the force applied to human tissue com-
pressed between a compression paddle and an opposite
detector plane. In some embodiments, a force sensor
may include an analog filter, gain circuits for signal con-
ditioning, and/or an analog-to-digital converter for signal
capture. The output of a force sensor may be an electrical
signal representative of a force level, which may be fil-
tered or converted by one or more circuits or modules
described herein into a value that indicates movement.
This movement signal, when compared to other meas-
urements over time, may indicate movement of the pa-
tient undergoing an imaging procedure.

[0060] At 604, a movement detection circuit may filter
the received force signal and isolate a movement signal
from therein. The movement signal may indicate a level
of force, and in some cases may indicate that a patient
has moved during image capture in a manner that is det-
rimental to the quality of a resulting image. As set forth
above, the movementdetection circuit may be configured
to receive an electronic force signal from a force sensor
and filter a movement signal from the received force sig-
nal. In some embodiments, the received force signal may
include a low frequency compression force signal (e.g.,
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0 (DC) to < 5Hz), which may be tapped and processed
in parallel using the movement detection circuit. Further,
the movement detection circuit may include one or more
components to process the force signal, including a DC
signal block, such as a blocking capacitor to remove the
DC and low frequency components of the force signal,
leaving a higher frequency (AC) component, referred to
herein as amovement signal. One or more analog circuits
may filter and apply gain to the higher frequency (AC)
signal components to improve signal-to-noise ratio, if
needed. The resulting movement signal may include mo-
tion artifacts from the original force signal.

[0061] At 606, a movement analysis module may de-
termine whether a detected movementis beyond amove-
ment threshold. The movement analysis module may in-
clude one or more analog circuits, such as a tuned dif-
ferentiator, to detect movement of human tissue com-
pressed within an imaging system using a received
movement signal from the movement detection circuit.
In some embodiments, the movement analysis module
may include hardware and/or software modules config-
ured to accept the movement signal from the movement
detection circuit, and detect tissue movement caused by
the patient. An exemplary logic flow illustrating move-
ment detection by a movement analysis module is set
forth within FIG. 4. By way of example and not limitation,
movement may be caused by respiratory activity, cardiac
activity, or muscular movements (voluntary or involun-
tary) by the patient. A movement analysis module may
be configured with a movement threshold value, beyond
which, movement of the patient is detected and commu-
nicated to an image correction module at 608.

[0062] At608, when movement is beyond a threshold,
an image correction module may perform a corrective
action, which may include one or more of a variety of
actions that improve image quality and reduce patient
exposure to radiation. An image correction module may
be configured to receive a determination from movement
analysis module that movement has been detected. The
determination may include data indicating a movement
time and movement level in some embodiments, and the
determination may be used to determine a corrective ac-
tionto be taken, some of which are described with respect
to FIG. 5, and below with respect to FIGS. 7 and 8. Tech-
niques described herein strive to improve image quality,
even in situations where movement is detected, reduce
patient radiation exposure when possible, and reduce
the time required for patients to undergo imaging proce-
dures. While exemplary corrective actions are described
herein, other corrective action may be taken consistent
with these goals, in some embodiments.

[0063] FIG. 7 illustrated a generated image 700 ac-
cording to an embodiment. Generated image 700 may
be generated by one or more imaging systems described
herein, for example, imaging systems 100, 200, and/or
300. In some embodiments, corrective actions may in-
clude visual indications within a graphical user interface
of a display during or after an imaging procedure, using
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an indicator of an imaging system, and/or using a graph-
ical indication on a generated image itself. FIG. 7 illus-
trates an alert 702, which may be displayed on a display
of an imaging system, indicating to a practitioner or pa-
tientthatmovement was detected during the imaging pro-
cedure. Such an indication may alert those viewing the
image that quality issues may be fixed by reducing motion
in subsequent imaging procedures.

[0064] FIG. 8 illustrates a generated image 800 ac-
cording to an embodiment. Generated image 700 may
be generated by one or more imaging systems described
herein, for example, imaging systems 100, 200, and/or
300. In some embodiments, corrective actions may in-
clude visual indications within a graphical user interface
of a display during or after an imaging procedure, using
an indicator of an imaging system, and/or using a graph-
ical indication on a generated image itself. FIG. 8 illus-
trates an alert 802 indicating a motion score, which may
indicate a score on a relative scale of motion detected
during an imaging procedure. In an example, a minimum
and maximum level of movement may be stored within
a non-transitory computer-readable storage medium of
an imagine system. Once movement has been detected,
an image correction module may perform a calculation
of the detected movement and determine a score based
upon the stored minimum and maximum values. In this
manner, a practitioner or patient may be provided with
an indication of how much movement was detected, and
may take steps to improve image quality in subsequent
imaging procedures. In another example, the score may
be pass/fail score, with pass meaning that the motion is
below the threshold and no corrective action is needed,
and fail meaning that corrective action is needed. Other
scoring methodologies are contemplated. In one embod-
iment, the positioning information from many images can
be aggregated into analytics and supplied to the facility
and other entities for the purposes of training, education,
analytics and compliance.

[0065] FIG. 8B shows the positioning information col-
lected and analyzed according to one embodiment. Each
image may be associated with a radiology technologist
or technologist who took the image (e.g. a technologist
identification number) and associated with a patient po-
sitioning score for that image as described above. The
information may be stored in the imaging system 100.
The information may then be transmitted to a centralized
system, such as the system 1000 described below with
reference to FIG. 10. The scores, the technologist IDs,
and other information collected from the imaging system
100 may be aggregated over time. The scores for a par-
ticular technologist can be analyzed, for example, by the
centralized system 100, to determine if one or more cor-
rective actions are needed. In one example, a particular
technologist’s average score can be compared to aver-
age scores of others or other technologists in that par-
ticular facility, or in other facilities. If the centralized sys-
tem determined that the technologist's scores are below
a particular threshold, the technologist may be recom-
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mended for patient positioning education or quality con-
trol improvements. In one example, a look-up table or
algorithm determines whether corrective action is need-
ed and what type of action to recommend based in part
on the score.

[0066] Additional examples of use of the positioning
information may include compliance with Federal Regu-
lations, such as the Mammography Quality Standards
Act(MQSA) and the Enhancing Quality Using the Inspec-
tion Program or EQUIP initiative. The MQSA requires
thatthe images taken at afacility must comply with certain
quality standards. Poor positioning is a factor in most
deficiencies and failures of clinicalimages to meet quality
standards. EQUIP requires regular review ofimages, cor-
rective procedures when clinicalimages are of poor qual-
ity, including a mechanism for providing ongoing feed-
back to technologists or other designated personnel, and
oversight of quality control records. The analytics de-
scribed above can be used to generate reports of com-
pliance with federal regulations. For example, the report
may be automatically generated on a periodic basis that
includes information such as the score information for
that facility, the number of times corrective procedures
were taken, the number of times that corrective measures
such as education and quality control measures were
recommended and were taken. Such reports can be
stored and provided if needed to federal regulators to
ensure compliance.

[0067] FIG. 8C illustrates a logic flow 814 according to
an embodiment. The logic flow 814 may be representa-
tive of some or all of the operations executed by one or
more embodiments described herein, such as systems
100, 200, and/or 300, 1000, for example. In step 804
information, including one or more scores, is received
from one or more technologists at a first facility. Position-
ing information, including one or more scores, is received
from one or more technologists at a second facility. In
step 806, the information may be analyzed and a report
is generated. The report may be provided to the facility
for which is it associated. In step 810, the information
may be compared. In one example, the scores may be
compared within the facility, for instance, to score the
technologists relative to each other. In another example,
the scores may be compared to scores at other facilities.
In step 812, the scores may be compared to a threshold
to determine if the particular technologist is above or be-
low the threshold. If above, the technologistis adequately
performing positioning patient positioning. If below the
threshold, the technologist may require corrective action,
for example, education or QC corrective actions. In ad-
dition, the scores for all the technologists in a particular
facility may be compared to a threshold. If the scores for
the facility are above the threshold, a report is generated
of compliance to federal regulations. If the scores for the
facility are below the threshold, QC for the facility are
recommended. A report is generated with non-compli-
ance and recommendations for QC.

[0068] FIG. 9 illustrates an article of manufacture ac-
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cording to an embodiment. Storage medium 900 may
comprise any computer-readable storage medium or ma-
chine-readable storage medium, such as an optical,
magnetic or semiconductor storage medium. In some
embodiments, storage medium 900 may comprise a non-
transitory storage medium. In various embodiments,
storage medium 900 may comprise an article of manu-
facture. In some embodiments, storage medium 900 may
store computer-executable instructions, such as compu-
ter-executable instructions to implement logic flow 900,
for example. Examples of a computer-readable storage
medium or machine-readable storage medium may in-
clude any tangible media capable of storing electronic
data, including volatile memory or non-volatile memory,
removable or non-removable memory, erasable or non-
erasable memory, writeable or re-writeable memory, and
so forth. Examples of computer-executable instructions
may include any suitable type of code, such as source
code, compiled code, interpreted code, executable code,
static code, dynamic code, object-oriented code, visual
code, and the like. The embodiments are not limited to
these examples.

[0069] FIG. 10 illustrates a block diagram of a central-
ized system 1000. The centralized system 1000 may im-
plement some or all of the structure and/or operations
for the web services system 1020 in a single computing
entity, such as entirely within a single device 1010.
[0070] The device 1010 may comprise any electronic
device capable of receiving, processing, and sending in-
formation for the web services system 1020. Examples
of an electronic device may include without limitation an
imaging system, client device, a mobile computing de-
vice, a computer, a server, a distributed computing sys-
tem, multiprocessor systems, or combination thereof.
The embodiments are not limited in this context.

[0071] The device 1010 may execute processing op-
erations or logic for the web services system 1020 using
a processing component 1030. The processing compo-
nent 1030 may comprise various hardware elements,
software elements, or a combination of both. Examples
of hardware elements may include devices, logic devic-
€es, microprocessors, circuits, circuit elements (e.g., tran-
sistors, resistors, capacitors, inductors, and so forth), in-
tegrated circuits, and so forth. Examples of software el-
ements may include software programs, machine pro-
grams, operating system software, middleware,
firmware, functions, methods, procedures, software in-
terfaces, application program interfaces (API), words,
values, symbols, or any combination thereof. Determin-
ing whether an embodiment is implemented using hard-
ware elements and/or software elements may vary in ac-
cordance with any number of factors, such as desired
computational rate, power levels, heat tolerances,
processing cycle budget, input data rates, output data
rates, memory resources, data bus speeds and other de-
sign or performance constraints, as desired for a given
implementation.

[0072] The device 1010 may execute communications
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operations or logic for the web services system 1020 us-
ing communications component 1040. The communica-
tions component 1040 may implement any well-known
communications techniques and protocols, such as tech-
niques suitable for use with packet-switched networks
(e.g., public networks such as the Internet, private net-
works such as an enterprise intranet, and so forth), cir-
cuit-switched networks (e.g., the public switched tele-
phone network), ora combination of packet-switched net-
works and circuit-switched networks (with suitable gate-
ways and translators). The communications component
1040 may include various types of standard communi-
cation elements, such as one or more communications
interfaces, network interfaces, wireless transmitters/re-
ceivers (transceivers), wired and/or wireless communi-
cation media, physical connectors, and so forth. By way
of example, and not limitation, communication media
1009, 1049 include wired communications media and
wireless communications media.

[0073] The device 1010 may communicate with other
devices 1005, 1045 over a communications media 1009,
1049, respectively, using communications signals 1007,
1047, respectively, via the communications component
1040. The devices 1005, 1045, may be internal or exter-
nal to the device 1010 as desired for a given implemen-
tation.

[0074] For example, device 1005 may correspond to
a client device such as a phone used by a user. Signals
1007 sentover media 1009 may therefore comprise com-
munication between the phone and the web services sys-
tem 1020 in which the phone transmits a request and
receives a web page or other data in response.

[0075] FIG. 11 illustrates a block diagram of a distrib-
uted system 1100. The distributed system 1100 may dis-
tribute portions of the structure and/or operations for the
disclosed embodiments across multiple computing enti-
ties. Examples of distributed system 1100 may include
without limitation a client-server architecture, a peer-to-
peer architecture, a shared database architecture, and
other types of distributed systems. The embodiments are
not limited in this context.

[0076] The distributed system 1100 may comprise a
client device 1110 and a server device 1140. In general,
the client device 1110 and the server device 1140 may
be the same or similar to the client device 1010 as de-
scribed with reference to FIG. 10. For instance, the client
system 1110 and the server system 1140 may each com-
prise a processing component 1120, 1150 and a com-
munications component 1130, 1160 which are the same
or similar to the processing component 1030 and the
communications component 1040, respectively, as de-
scribed with reference to FIG. 10. In another example,
the devices 1110, 1140 may communicate over a com-
munications media 1105 using communications signals
1107 via the communications components 1130, 1160.
[0077] Theclientdevice 1110 may comprise or employ
one or more client programs that operate to perform var-
ious methodologies in accordance with the described
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embodiments. In one embodiment, for example, the cli-
ent device 1110 may implement some steps described
with respect to FIGS. 4-6.

[0078] The server device 1140 may comprise or em-
ploy one or more server programs that operate to perform
various methodologies in accordance with the described
embodiments. In one embodiment, for example, the serv-
er device 1140 may implement some steps described
with respect to FIGS. 4-6.

[0079] FIG. 12 illustrates an embodiment of an exem-
plary computing architecture 1200 suitable for imple-
menting various embodiments as previously described.
In one embodiment, the computing architecture 1200
may comprise or be implemented as part of an electronic
device. Examples of an electronic device may include
those described herein. The embodiments are not limited
in this context.

[0080] As used in this application, the terms "system"
and "component" are intended to refer to a computer-
related entity, either hardware, a combination of hard-
ware and software, software, or software in execution,
examples of which are provided by the exemplary com-
puting architecture 1200. For example, a component can
be, but is not limited to being, a process running on a
processor, a processor, a hard disk drive, multiple stor-
age drives (of optical and/or magnetic storage medium),
an object, an executable, a thread of execution, a pro-
gram, and/or a computer. By way of illustration, both an
application running on a server and the server can be a
component. One or more components can reside within
a process and/or thread of execution, and a component
can be localized on one computer and/or distributed be-
tween two or more computers. Further, components may
be communicatively coupled to each other by various
types of communications media to coordinate opera-
tions. The coordination may involve the unidirectional or
bi-directional exchange of information. For instance, the
components may communicate information in the form
of signals communicated over the communications me-
dia. The information can be implemented as signals al-
located to various signal lines. In such allocations, each
message is a signal. Further embodiments, however,
may alternatively employ data messages. Such data
messages may be sent across various connections. Ex-
emplary connections include parallel interfaces, serial in-
terfaces, and bus interfaces.

[0081] The computing architecture 1200 includes var-
ious common computing elements, such as one or more
processors, multi-core processors, co-processors, mem-
ory units, chipsets, controllers, peripherals, interfaces,
oscillators, timing devices, video cards, audio cards, mul-
timedia input/output (I/O) components, power supplies,
and so forth. The embodiments, however, are not limited
to implementation by the computing architecture 1500.
[0082] AsshowninFIG.12,the computingarchitecture
1200 comprises a processing unit 1204, a system mem-
ory 1206 and a system bus 1208. Dual microprocessors,
multi-core processors, and other multi-processor archi-
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tectures may also be employed as the processing unit
1204.

[0083] The system bus 1208 provides an interface for
system components including, but not limited to, the sys-
tem memory 1206 to the processing unit 1204. The sys-
tem bus 1208 can be any of several types of bus structure
that may further interconnect to a memory bus (with or
without a memory controller), a peripheral bus, and a
local bus using any of a variety of commercially available
bus architectures. Interface adapters may connect to the
system bus 1208 via a slot architecture, for example.
[0084] Thecomputingarchitecture 1200 may comprise
or implement various articles of manufacture. An article
of manufacture may comprise a computer-readable stor-
age medium to store logic, as described above with re-
spect to FIG. 9.

[0085] The system memory 1206 may include various
types of computer-readable storage media in the form of
one or more higher speed memory units, such as read-
only memory (ROM), random-access memory (RAM),
dynamic RAM (DRAM), solid state memory devices (e.g.,
USB memory, solid state drives (SSD) and any other type
of storage media suitable for storing information.). In the
illustrated embodiment shown in FIG. 12, the system
memory 1206 can include non-volatile memory 1210
and/orvolatile memory 1213. Abasicinput/output system
(BIOS) can be stored in the non-volatile memory 1210.
[0086] The computer 1202 may include various types
of computer-readable storage media in the form of one
or more lower speed memory units, including an internal
(or external) hard disk drive (HDD) 1214, a magnetic flop-
py disk drive (FDD) 1216 to read from or write to a re-
movable magnetic disk 1218, and an optical disk drive
1220 to read from or write to a removable optical disk
1222 (e.g.,aCD-ROM, DVD, or Blu-ray). The HDD 1214,
FDD 1216 and optical disk drive 1220 can be connected
to the system bus 1208 by a HDD interface 1224, an FDD
interface 1226 and an optical drive interface 1228, re-
spectively. The HDD interface 1224 for external drive im-
plementations can include at least one or both of Univer-
sal Serial Bus (USB) and IEEE 1394 interface technolo-
gies.

[0087] The drives and associated computer-readable
media provide volatile and/or nonvolatile storage of data,
data structures, computer-executable instructions, and
soforth. For example, a number of program modules can
be stored in the drives and memory units 1210, 1213,
including an operating system 1230, one or more appli-
cation programs 1232, other program modules 1234, and
program data 1236. In one embodiment, the one or more
application programs 1232, other program modules
1234, and program data 1236 can include, for example,
the various applications and/or components to imple-
ment the disclosed embodiments.

[0088] A user can enter commands and information
into the computer 1202 through one or more wire/wire-
less input devices, for example, a keyboard 1238 and a
pointing device, such as a mouse 1240. Other input de-
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vices may include microphones, infra-red (IR) remote
controls, radio-frequency (RF) remote controls, game
pads, stylus pens, card readers, dongles, finger print
readers, gloves, graphics tablets, joysticks, keyboards,
retina readers, touch screens (e.g., capacitive, resistive,
etc.), trackballs, trackpads, sensors, styluses, and the
like. These and other input devices are often connected
to the processing unit 1204 through an input device in-
terface 1242 that is coupled to the system bus 1208, but
can be connected by other interfaces such as a parallel
port, IEEE 1394 serial port, a game port, a USB port, an
IR interface, and so forth.

[0089] A display 1244 is also connected to the system
bus 1208 via an interface, such as a video adaptor 1246.
The display 1244 may be internal or external to the com-
puter 1202. In addition to the display 1244, a computer
typically includes other peripheral output devices, such
as speakers, printers, and so forth.

[0090] The computer 1202 may operatein a networked
environment using logical connections via wire and/or
wireless communications to one or more remote com-
puters, such as a remote computer 1248. The remote
computer 1248 can be a workstation, a server computer,
arouter, a personal computer, portable computer, micro-
processor-based entertainment appliance, a peer device
or other common network node, and typically includes
many or all of the elements described relative to the com-
puter 1202, although, for purposes of brevity, only amem-
ory/storage device 1250 is illustrated. The logical con-
nections depicted include wire/wireless connectivity to a
local area network (LAN) 1252 and/or larger networks,
for example, a wide area network (WAN) 1254. Such
LAN and WAN networking environments are common-
place in offices and companies, and facilitate enterprise-
wide computer networks, such as intranets, all of which
may connect to a global communications network, for
example, the Internet.

[0091] When used in a LAN networking environment,
the computer 1202 is connected to the LAN 1252 through
a wire and/or wireless communication network interface
or adaptor 1256. The adaptor 1256 can facilitate wire
and/or wireless communications to the LAN 1252, which
may also include a wireless access point disposed ther-
eon for communicating with the wireless functionality of
the adaptor 1256.

[0092] When used in a WAN networking environment,
the computer 1202 can include a modem 1258, or is con-
nected to a communications server on the WAN 1254,
or has other means for establishing communications over
the WAN 1254, such as by way of the Internet. The mo-
dem 1258, which can be internal or external and a wire
and/or wireless device, connects to the system bus 1208
via the input device interface 1242. In a networked envi-
ronment, program modules depicted relative to the com-
puter 1202, or portions thereof, can be stored in the re-
mote memory/storage device 1250. It will be appreciated
that the network connections shown are exemplary and
other means of establishing a communications link be-
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tween the computers can be used.

[0093] Thecomputer1202isoperable to communicate
with wire and wireless devices or entities using the IEEE
802 family of standards, such as wireless devices oper-
atively disposed in wireless communication (e.g., IEEE
802.11 over-the-air modulation techniques). This in-
cludes at least Wi-Fi (or Wireless Fidelity), WiMax, and
Bluetooth™ wireless technologies, among others.
[0094] FIG. 13 illustrates a block diagram of an exem-
plary communications architecture 1300 suitable for im-
plementing various embodiments as previously de-
scribed. The communications architecture 1300 includes
various common communications elements, such as a
transmitter, receiver, transceiver, radio, network inter-
face, baseband processor, antenna, amplifiers, filters,
power supplies, and so forth. The embodiments, howev-
er, are not limited to implementation by the communica-
tions architecture 1300.

[0095] As shown in FIG. 13, the communications ar-
chitecture 1300 comprises includes one or more clients
1310 and servers 1340. The clients 1310 may implement
the client device 1110, for example. The servers 1340
may implement the server device 1140, for example. The
clients 1310 and the servers 1340 are operatively con-
nected to one or more respective client data stores 1320
and server data stores 1350 that can be employed to
store information local to the respective clients 1310 and
servers 1340, such as cookies and/or associated con-
textual information.

[0096] The clients 1310 and the servers 1340 may
communicate information between each other using a
communication framework 1330. The communications
framework 1330 may implement any well-known com-
munications techniques and protocols. The communica-
tions framework 1330 may be implemented as a packet-
switched network (e.g., public networks such as the In-
ternet, private networks such as an enterprise intranet,
and so forth), a circuit-switched network (e.g., the public
switched telephone network), or a combination of a pack-
et-switched network and a circuit-switched network (with
suitable gateways and translators).

[0097] The communications framework 1330 may im-
plement various network interfaces arranged to accept,
communicate, and connect to a communications net-
work. A network interface may be regarded as a special-
ized form of an input output interface. Network interfaces
may employ connection protocols including without lim-
itation direct connect, Ethernet, wireless network inter-
faces, cellular network interfaces, and the like.

[0098] Some embodiments may be described using
the expression "one embodiment" or "an embodiment"
along with their derivatives. These terms mean that a
particular feature, structure, or characteristic described
in connection with the embodiment is included in at least
one embodiment. The appearances of the phrase "in one
embodiment” in various places in the specification are
not necessarily all referring to the same embodiment.
Further, some embodiments may be described using the
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expression "coupled" and "connected" along with their
derivatives. These terms are not necessarily intended as
synonyms for each other. For example, some embodi-
ments may be described using the terms "connected"
and/or "coupled" to indicate that two or more elements
are indirect physical or electrical contact with each other.
The term "coupled," however, may also mean that two
or more elements are notin direct contact with each other,
but yet still co-operate or interact with each other.
[0099] A procedure is here, and generally, conceived
to be a self-consistent sequence of operations leading
to a desired result. These operations are those requiring
physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of
electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise
manipulated. It proves convenient at times, principally
for reasons of common usage, to refer to these signals
as bits, values, elements, symbols, characters, terms,
numbers, or the like. It should be noted, however, that
all of these and similar terms are to be associated with
the appropriate physical quantities and are merely con-
venient labels applied to those quantities.

[0100] Further, the manipulations performed are often
referred to in terms, such as adding or comparing, which
are commonly associated with mental operations per-
formed by a human operator. No such capability of a
human operator is necessary, or desirable in most cases,
in any of the operations described herein which form part
of one or more embodiments. Rather, the operations are
machine operations. Useful machines for performing op-
erations of various embodiments include general pur-
pose digital computers or similar devices.

[0101] Various embodiments also relate to apparatus
or systems for performing these operations. This appa-
ratus may be specially constructed for the required pur-
pose or it may comprise a general purpose computer as
selectively activated or reconfigured by a computer pro-
gram stored in the computer. The procedures presented
herein are not inherently related to a particular computer
or other apparatus. Various general purpose machines
may be used with programs written in accordance with
the teachings herein, or it may prove convenient to con-
structmore specialized apparatus to performthe required
method steps. The required structure for a variety of
these machines will appear from the description given.
[0102] In the foregoing Detailed Description, it can be
seen that various features are grouped together in a sin-
gle embodiment for the purpose of streamlining the dis-
closure. This method of disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all features of a single
disclosed embodiment. Thus the following claims are
hereby incorporated into the Detailed Description, with
each claim standing on its own as a separate embodi-
ment. In the appended claims, the terms "including" and
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"in which" are used as the plain-English equivalents of
the respective terms "comprising" and "wherein," respec-
tively. Moreover, the terms "first," "second," "third," and
so forth, are used merely as labels, and are not intended
to impose numerical requirements on their objects.
[0103] What has been described above includes ex-
amples of the disclosed architecture. It is, of course, not
possible to describe every conceivable combination of
components and/or methodologies, but one of ordinary
skill in the art may recognize that many further combina-
tions and permutations are possible.

Clauses

[0104] The following clauses are part of the present
disclosure.

Clause 1. An imaging system, comprising:

an imaging detector to capture an image of hu-
man tissue;

a compression paddle situated apart from the
imaging detector to compress the human tissue
between the compression paddle and the imag-
ing detector;

a force sensor to generate a force signal indi-
cating a measure of force applied superior to the
human tissue;

a movement detection circuit to filter a move-
ment signal from the force signal indicating a
measure of movement of the compressed hu-
man tissue;

a movement analysis module to determine that
the movement signal is beyond a movement
threshold; and

an image correction module to perform a cor-
rective action based upon the determination that
the movement signal is beyond a movement
threshold.

Clause 2. The imaging system according to any of
the preceding claims, the force sensor is included
within the compression paddle.

Clause 3. The imaging system according to any of
the preceding claims, the corrective action includes
determination and display of a movement score on
a display device.

Clause 4. The imaging system according to any of
the preceding claims, the corrective action includes
a display of an alert on a display device indicating
that the movement threshold has been exceeded.

Clause 5. The imaging system according to any of
the preceding claims, the corrective action includes
triggering a visual indicator of the imaging system.
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Clause 6. The imaging system according to any of
the preceding claims, the corrective action includes
terminating or modifying an imaging sequence orim-
aging protocol or image acquisition.

Clause 7. The imaging system according to any of
claims 1 to 5, the corrective action includes delaying
capture of the image of human tissue until the move-
ment threshold is no longer exceeded.

Clause 8. The imaging system according to any of
the preceding claims, the movement analysis mod-
ule determines that the movement signal indicates
a repetitive movement.

Clause 9. The imaging system according to any of
the preceding claims, the corrective action includes
synchronizing an image capture with the repetitive
movement.

Clause 10. The imaging system according to any of
the preceding claims, the image correction module
further to identify images impacted by movement ex-
ceeding the movement threshold.

Clause 11. The imaging system according to any of
the preceding claims, the image correction module
to remove the identified images from the imaging
sequence.

Clause 12. The imaging system according to any of
the preceding claims, the image correction module
to cancel the imaging sequence when the number
of identified images exceeds a threshold amount.

Clause 13. A computer implemented method, com-
prising:

generating, by a force sensor, a force signal in-
dicating a measure of force applied superior to
human tissue being compressed between a
compression paddle and an imaging detector to
capture an image of the human tissue;
filtering, by a movement detection circuit, a
movement signal from the force signal indicating
a measure of movement of the compressed hu-
man tissue;

determining, by a movement analysis module,
that the movement signalis beyond a movement
threshold; and

performing, by an image correction module, a
corrective action based upon the determination
that the movement signalis beyond a movement
threshold.

Clause 14. The computer-implemented method ac-
cording to any of the preceding claims, the force sen-
sor is included within the compression paddle.
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Clause 15. The computer-implemented method ac-
cording to any of the preceding claims, the corrective
action includes determination and display of a move-
ment score on a display device.

Clause 16. The computer-implemented method ac-
cording to any of the preceding claims, the corrective
action includes a display of an alert on a display de-
vice indicating that the movement threshold has
been exceeded.

Clause 17. The computer-implemented method ac-
cording to any of the preceding claims, the corrective
action includes triggering a visual indicator of the im-
aging system.

Clause 18. The computer-implemented method ac-
cording to any of the preceding claims, the corrective
action includes terminating or modifying an imaging
sequence or imaging protocol or image acquisition.

Clause 19. The computer-implemented method ac-
cording to any of claims 13to 17, the corrective action
includes delaying capture of the image of human tis-
sue until the movement threshold is no longer ex-
ceeded.

Clause 20. The computer-implemented method ac-
cording to any of the preceding claims, the move-
ment analysis module determines that the move-
ment signal indicates a repetitive movement.

Clause 21. The computer-implemented method ac-
cording to any of the preceding claims, the corrective
action includes synchronizing an image capture with
the repetitive movement.

Clause 22. The computer-implemented method ac-
cording to any of the preceding claims, the image
correction module further to identify images impact-
ed by movement exceeding the movement thresh-
old.

Clause 23. The computer-implemented method ac-
cording to any of the preceding claims, the image
correction module to remove the identified images
from the imaging sequence.

Clause 24. The computer-implemented method ac-
cording to any of the preceding claims, the image
correction module to cancel the image when the
number of identified images exceeds a threshold
amount.

Clause 25. An article comprising a non-transitory
computer-readable storage medium including in-
structions that, when executed by a processor,
cause a system to perform the computer-implement-
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ed method of any of claims 13-24.

Claims

An imaging system (1400), comprising: an imaging
detector (1414) adapted to capture an image of hu-
man tissue (1410);

a compression paddle (1406) situated apart
from the imaging detector (1414) and adapted
to compress the human tissue between the com-
pression paddle and the imaging detector;

one or more sensors (1408) adapted to generate
a signal indicating a motion of the human tissue;
wherein the imaging system is adapted to de-
termine the location of the motion of the human
tissue.

The imaging system according to any of the preced-
ing claims, the sensor (1408) is included within the
compression paddle.

The imaging system according to any of the preced-
ing claims, further comprises an image correction
module adapted to perform a corrective action, the
corrective action includes determination and display
of a movement score on a display device (121),
and/or a display of an alert on a display device (121)
indicating that the movement threshold has been ex-
ceeded, and/or triggering a visual indicator of the
imaging system, and/or terminating or modifying an
imaging sequence or imaging protocol or image ac-
quisition, and/or delaying capture of the image of hu-
man tissue until the movement threshold is no longer
exceeded, and/or synchronizing an image capture
with the repetitive movement.

The imaging system according to claim 3, the image
correction module further to identify images impact-
ed by movement exceeding a movement threshold.

The imaging system according to claim 3 or 4, the
image correction module to remove the identified im-
ages from the imaging sequence.

The imaging system according to claims 3-5, the im-
age correction module to cancel the imaging se-
quence when the number of identified images ex-
ceeds a threshold amount.

The imaging system according to any of the preced-
ing claims, wherein the one or more sensors com-
prise a sensor module preferably placed in a grid
pattern or around the periphery, on or within the com-
pression paddle.

The imaging system according to any of the preced-



10.

1.

12.

13.

14.

15.

16.

31 EP 4 129 188 A1

ing claims, converting the location of the motion of
the human tissue into data representing different
amounts of motion of areas of the human tissue.

The imaging system according to claim 8, determin-
ing, from the data representing different amounts of
motion, that at least one of the signals is beyond a
movement threshold, for a portion of the human tis-
sue at the location adjacent to each of the one or
more Sensors.

The imaging system according to any of the preced-
ing claims, further comprising a database of move-
ment criteria, the movement criteria including atleast
one of a movement threshold, a time threshold for
delay, an image quality criteria, and a threshold in-
dicating a maximum number of images that can be
deleted from an image sequence due to detected
movement; wherein the movement criteria is deter-
mined to take corrective action.

The imaging system according to any of the preced-
ing claims, converting the location of the motion of
the human tissue into data representing a level of
contact with the human tissue.

The imaging system according to claim 9, the imag-
ing system to convert the level of contact with the
humantissue into compression contours and to com-
pare the current compression contours to the thresh-
old of compression contours.

A computer implemented method, comprising:

generating, by a sensor (1408), spatial data in-
formation from human tissue being compressed
between a compression paddle and an imaging
detector to capture an image of the human tis-
sue;

determining the location of the motion of the hu-
man tissue.

The computer-implemented method according to
claim 13, the force sensor is included within the com-
pression paddle.

The computer-implemented method according to
any of the preceding claims, the movement analysis
module determines that the movement signal indi-
cates a repetitive movement.

The computer-implemented method according to
any of the preceding claims, performing, by animage
correction module, a corrective action, the image
correction module further to identify images impact-
ed by movement exceeding the movement thresh-
old.
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The computer-implemented method according to
claim 16, the image correction module to remove the
identified images from the imaging sequence
and/or to cancel the image when the number of iden-
tified images exceeds a threshold amount.

An article comprising a non-transitory computer-
readable storage medium including instructions that,
when executed by a processor, cause a system to
perform the computer-implemented method of any
of claims 13-17.
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